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CHARACTER AND INTERPRETATION OF THE REGOLITH EXPOSED AT
POINT DRUMMOND, WEST COAST OF EYRE PENINSULA, SOUTH AUSTRALIA

by E. MOLINA BALLESTEROS®, E. M. CAMPBELLY, J. A. BOURNET & C. R. TwiDALEF

Summary

MoLINA BALLINTEROS, E.. CAMpPREL. Eo M. Boursn, 1o AL & Twibalh, €0 R (1995) Character and
interpretation of the regolith exposed at Point Drummend, west coast of kyre Peninsula. South Australia. Tiung,

R Soc S Aust, 1902, 83-88, 31 Muy, 1995,

The weathering mantle developed on granodiorite uf Point Diummond, Eyre Peninsula, South Australia is
examined using thin seetion and XRD analyses, Stiges in (he aleration of the granodionte van be deduced by
exammation of the zonation of the reolith; release of oxides and hydroxides from the parent rock; removal of
iron and kaolinisation: new concentrations of haematite in micropores: development of nodulur structure and
renewed removal of oxides and hydroxides. The possible age relationships of this profile wirh laterites and Plio-
Pleistocene fervicretes from other South Austrahan sites are discussed. The age of weathering is uncerfain but
it predates the cilearenite (2 Pleistocene) and is probably post Permian. with Plio-Pleistocene the most likely.

Kby Worns: regoluh. ferrugimisation, Point Drummond.

Introduction

The west coust of Eyre Peninsula is characlenised
by high ¢liffs eroded in dune calcarenite (also known
as acolianile: see e.g. Crocker 1946) of Middle and
Late Pleistocene age (Wilson 19911). The calearenite
rests unconlormably on Precambrian rocks, mostly
igncous and metamorphic. with granite and gneiss
prominent. but including sandstone and conglomerie
near Talia. The unconformity is uneven and the base
ol the calcarenite commonly extends below sea-level,
Elsewhere. the Precambrian basement is exposed in
rather irregular shore platlorms and in the lower
sections of the cliffs which. however, are composed
mainly of the calcarenite, At several sites remnants of
the pre-calcarenite regolith are developed on the
Precambrian basement. One of the best exposures of
the regolith, in termy of thickness, completeness and
lateral extent, veeurs at Point Drummond, a westerly
projecting promontory locuted on the west coast of
sonthern Eyre Peninsula, some 80 km north-west of
Port Lincoln (Figs 1 & 2).

The purpose of this shott paper is o describe the
mineralogical variations between horizons within the
tegolith, and to discuss their genetic nnphications, The
sile i on the southern portion of Point Drummaond,
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Two profiles. one [rom a south-projecting peninsuld
and one Trom the chiff adjacent lo the access sleps
several hundred metres (0 the north, were examined.
The samples were selected on the hasis of coloor and
textural variations, The profiles are so similar hoth in
appearance and upon anulysis that they can be trealed
as one,

Port
Augusla
!
Paint

Brown C, Streaky Bay

EYRE PENINSULA

Paint
Labbatt

Cowell

Point
N Drummold

A ’F?gn

Lincoln

AUSTRALIA
"mcn:jwe
0 50 100 Kms '\S o

Fig. 1. Locution Map.
Description of the profile

The profile. approximately 18 m thick. was sub-
divided from the base to the top into live horizontal
zones on the basis ol their colour and texture (Fig. 3).
Mineralogy and lexture huve been studied in thin
section (using samples mpregnated with a thinmed
aruldite o prevent any disturbance of the original
structures) and by XRD analysis ol bulk sumples.
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Fig. 24 General view of Paint Drumimaend. Eyre Peninsuli, South Australia. 2B, The weathering profile sumple site, Point

Drummond peninsula, showing the coastal platform developed in granodionite, the goethite-rich zone ut the hase of the
clift and above this the white kuolinised zone, the haematite zone and the calcarenite remnant at the surface
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Zone 1

The parent rock is a pneiss of granodiorilic
composition consisting mainly of quartz, plagioclase,
hiotite and muscovite with some orthoclase. Secondary
minerals resulting from hydrothermal alteration of the
rock prior to weathering melude sericite, chlorite (from
hiotite), epidote-zoisite and calcite (from plagiocluse
- Sample 1, Fig. 3, Munsell Rock Colour N&. white
0 N3, dark gray - dry. The colours of other samples
are Munsell Soil Colours - 1994). The granodiorite is
intruded by amphibaolitic and quartzitic veins. Scmstose
shear zones are also present. These various rocks are
all members of the Sleaford Complex, dated at
2,700-2,300 Ma and thus of late Archagan or Palaco-
proterozoic age (Flinter al. 1984; Parker er al. 1985)
though the shear zones may resull from the Kimbuan
Orogeny (~1700 Ma - Thomson 1969).

Stages in the weathering of the gneiss can be (raced
by examination of the zonaton of the regolith or
weathered mantle. assuming that the weathering front,
or fower limit of weathering, has descended nto the
rock mass from the surface. Hence, in these lerms,
the mitial stages of weathering are represented by the
zone immediately above the weathering front and the
most advanced by the near surface honzon.

The coastal platform eroded in granodionte and
located between high und low tide levels, is irregular
with many blocky and bouldery rises and intervening
clefts, Many of the outcrops are superficially altered,
with rinds of ferruginous oxides and hydroxides
developed al the margins of blocks, boulders and other
exposures. The rinds are also found bordering fissures
(Sample 2, 7.5YR 7/6, reddish yellow 10 7.5YR 7/3,
pink). In this zone the thickness of the rinds increases
up the profile, but nowhere exceeds 5 e
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Fig. 3. Schematic disgram of the weathering profile on the peninsula, Point Drummond. A. Profile. -V, Zones of weathering
{sec 1exl tor explanation); 1-11, sample numbers (sample 5 similar (o 6). B. Principle processes: @, Unweathered parent
rack . b. First stage of weathering (goethite-rich zone). . Kaolinisation. d. Formation of new structures and coneentriiion
of haematite, e Remaoval of iron and plasime separation. f. Development of peds and nodules.
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The first stage of weathenag discernible is the
duvelopment of the rinds around the corestones. In
(hese the eprdote-zotsite mineraly are dissolved and the
alleration of  plagioclase is manifested by the
appearance of zones of randomly orjented clays. The
clay minerals are prelerentially  developed along
fissures presumably because the latter allow
penetration of water. Biotite changes colour Irom green
o hrowmish-yellow, reflecting & relegse of iron which,
as goethite, 1s concentrated 1n cracks and lissures,

Zeme N

Here. though the original rock stuctures are
everywhere distinguishable. some of the blocks and
boulders are enurely discoloured and the rinds are
thicker than those in Zone L (Samples 3 & 4, I0YR
B4, very pale brown (o (0YR 7/6, yellow) with a white
tid (N8) developed on the outside, and « strong brown
(TAYR 5/6) interior. Again the rind increases in
thickness up the profile und, as in Zome 1, 1$ also found
along partings. The contact between the weathered rind
and the anterior of the corestones low in the profile
is sharp but is more diffuse at higher levels.

The ninds are pale in colour and voids are apparent
in thin section. Plagioclase is progressively reduced
Imgher in the profilc and essentially isotropic clays,
helieved to be mainly kaolinite, becomic doyninant.
With the XRD method wsed, it s dilficult {o
dilterentiate any other polymuorphs of kaolin. Resistaics
such as quartz and muscovike are present,

Zone 1

Almost the entire rock in this zone i white (Sample
6. NE) but most of the orniginal textures and structures
are preserved and remnants of the yellow and red mon
oxwdes vccur as spots in the vpper part of the zone
At the top of Zone I loss of matenal has led w the
fotmanon of vouds. The weathering plasmi (in the
senise of Nahon 1991, p. 63), derived friom weathering
of the parent materials, beging 10 appear anisotropic,
especially i areas close to vaids [the vosepic plasma
separation of Brewer (1964, 1976)]. Some, thungh not
all. oxide concentratuons are related o voids.

Zone IV
The yellow and red spoty present in Zone U1 here

tierge o give a mixiure of oxides dnd hydroxides of

won 10 differing degrees of dehydration and
crystallisation (Sample 7, SYR 4/4. reddish browa o
T3YR 6/8. reddish yellow 10 10R 4/3, weak red;
Sammple 8 IDYR 8/8 vellow to IOR 4/3, weak red:
Sumple 9, 10K 4/3, weak red to 10R 5/61ed). The zone
w5 up to four merres thick. Nome of the ot
structures survives.

XRD analysis shows that haematite is dominant (n
the weak red patches, kaolinite having been removed
(n the other hand, where there is no iron oxide or
hydroxide, the Knolinjue alteroplasima s well preserved

M. CAMPBELL, ). A. BOURNE & C. R. TWIDALE:

Muscovile remains, albe1l weathered 1o varying degrees
and quartz is corroded and in some instances clearly
disapggregated. At the 1wop of Zone IV voids are
commaon,

This zone 1s similar (o the “mottled clay™ horizon
from a laterite profile described by Nahon (1987), of
which alumina (not analysed 1 this study yis a (ypienl
component

Lone V'

The lower part of this zone is characterised by
irtegulir ll-defined fissures in the motfled clay, Also,
i mew structure occurs in the form of polyhedril peds
some centimetres across, They became sialler and
more rounded upwards, where they wke the forn of
soft nodules 0.5-1.0 cm in digmeter. reddish vellow in
colour but with red oxide concentrations 1o the interior
(Sample 10, 7.5YR 6/6, reddish yellow o 10R 4/6, yed)
(Fig. 4). The partings whieh define the polyhedril peds

Fig. 4. Thin section (crossed polars, plain light. Xx25) of upper
part of Zone Vo Kaolinie plasma surrounds the ferruginons
nidule (efiark arest). The hight-coloured matenal in both the
nodule and the surrounding plasma is quarz.

are preferential zones of leaching, Removal of oxides
and hydroxides has resulted 1 zones of concenlralion
of skeletal grains (nmwinly quartz) from the parent
materal, and in the appearance of a4 kaolintic clay
plasmy (a pedoplasima in the sense of Bouler 1974),
It grades from asepic, where oxyhydroxides ure
abundant, 1o skelsepic, vosepic and cven masepic
where the oxyhydroxides have disappeared (Brewer
1964, 1976). The development of the nodules is i
centripetal process involving the removal of oxides and
hydroxides from the margins of the peds and their
concenmation in the nodules, the redistrihution of clays
and the concentration of skeletal grains in the leached
Z0ones.

Both the promontory and the cliff profiles are over-
lain by a calcareous crust (calerete - Sample 11, 2.5Y
7/2. hght gray), located at the base of the calcarenite
but developed on the weathered material and including
nodules like those found o Zone V (ke 4
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Interpretalion

Various stages in the weathering of the granodiorede
are evidenced;

I. The penetration of meteoric walers Trom [he
surfitce und release of wades and hydroxides from
minerals in the parent rock, especully bone, s the
initial process in evidepee  The dron oxides are
coneentrated in fissures at the weathering front, at the
margins of blocks and houlders ungd adjscent Lo jomt
purtings. The hydrotheymally altered minerals are
dissolved and the plagioclases are weatheted 1w clays.

2. Removal of iion and Kgolinisation are represented
by the appearance of white rinds. These processes arc
usually achicved in acid reducing solutions, which
appedr 1o have leached most of the calcium, iron and
sodinm and some of the silica and produced the newly
lormed mass of jsotropic to insepic maternaly (see
Brewer 1964, p, 309), munly kaolinite. Inside this
isotropie plasmic material are resistutes such s quartz
and muscovite {skeleton grams. of Brewer (1964,
1976)} . On the whole, however, kaolimte is dominant,

3. berrugimigation resblts from the progressive
developmen! of @ kaolinitie plasma, and a new porasity
plus. the destruction of the origingl textures wd
structures. Micropores, especially, become the siles
of new concentrations of oxides (weak red spois),
particularly haematite (Fig. 4), due to the decreased
mobility of the solutions in these pores (Didier ef al.
1983; Tardy & Nahon 1985). This is the origin of the
‘mottled clay horizon” typieal of protiles developed
under sensomally wet and dry clumates,

4. The development of nodular structure is related
to the removal of oxides and hydroxides by solutions
probably emanating from an overlying soil, A new
kanolinitic plasma 1y developed as the oxyhydroxides
are removed. The mobility of the materials s governed
by the amount of exyhydroxides: the less oxyhydroxide
the more plasmic movemnent and hence better re-
organization of the sotl mass.

5, The removal of oxides and hydroxides requires
acd solutions (i.c; those which are poor in carbemaies).
so that the processes described o paragraphs 123
inclusive predate the development of the calerete wnd
the deposition of the dune culcarenii:

The age of the profile, and the events w which (2
relates, are mamnly problematc. 101 clearly younger
than the Proterozaic racks on which at s developed,
and prediles the calearemte which, according 1o Wilson
(1991). is Middle and Fate Pleistocene e age (muxi-

+ Hosspenwn, P(1926) The peotogy of portions of rthe
Comrmies of Light, Eyre, Swrt and Adelaide, M 50 i,
Elnbverniry ul Adetinde, Adelinde (Unpubl),

¢, 700,000 yenrs). Bul sliocating af o an higts
ol sorg 1500-2000 Ma is neither precise nor inform-
ative. The extent of the hiatus cun he reduced i two
general argumenty are accepted. First. although
regoliths have survived the passape of ice sheets (see
ey, Fogelmuan 1985), the profile, which has npparent
cquivalents al several points alony the west coast of
Tiyre Peninsula (e.g. Pownr Brown, Point Labatt, Talia),
is nnlikely w have suevived the Early Permian
glaciation, which evidently aftected muost of the present
state ol South Australia (c.g. Ludbrook 1969), and
subsequent etosion; for the regolith hus readily heen
eroded by marne agencies and by gullying, Tn (hese
terms the regolith under debate 15 less than 250 Ma old.

Second, the hiaws is further reduced il i conceded
thu the regohith is most Likely immediately 1o predate
the cover material, that iy the calcarenite. This last
suggestion assumes that even if the development of the
regolith began long before the deposivon of the dune
limestone. it wonld have continued 10 evolve (see e.g,
MeFarlime 1986 Bourman 1993) ap 1o (and even
beyond) being covered. Tn these termy the young datw
for the regolith is of the order of 700000 years, though,
heenuse itmust hive developedd over a long period, it
ought 1o be assigned an age range and could reasonably
he labelled Plio-Pleisiocene.

Broader considerations support This suggestion.
First, with whiat other regoliths might the Point
Druinniond profile be relited! Ferruginous regoliths
are known from various parts of South Avstralia (e.g.
Hossfeld 1926 Norheoe 1946, Miles 19525 Horwitz
& Daily 1958: Campana 1958: Glaessner & Wade
1958, Horwitz 1960, Wopfner 1967: Daily et al. 1974;
Twidale eral, 1976; Wright 1985: Milnes ¢r al. 1985:
Bourman et af. 1987), They hive been varnously
defined and interpreled (yee e, Bounman 1997 - but
see ulso MeFatlane e.g, 1986 Firman 1994), Some,
characterised by a sandy or silty A-horzaon, o massive.
comnnonly pisolific, ferrnginous horizom aveslying a
thick bleached zone, hive been labelled anerite. Otbers,
congisting of either a [erruginous crust alone, of o Crs
resting on & thin bleached horizon. huve been lermed
ferricretes (¢ g Lumplugh 1902; Twidale 1970, p
196-197). The Point Drwmmond profile does not it
susily with either of these, bul s perhaps closer to the
ferricrete than to the lalerite. particularly 1f it s
consitdered  logether with  other  stratigrapically
comparahle regoliths such as that exposed at Poinl
Brown. Ferrictetes in southern Soulh Australiis hive
been dated by various means. but oo Yorke Peninsula
(Horwitz & Daily 1958) local steatigraphy indicates
a Pliocenc age. Equally, occurrences in the interior ol
Eyre Peninsuls have, on stralygaphic grounds, also
been attributed to the Teniary, some being considered
Eocene but others clearly Pliocene or post-Pliocene
(Rankin & Flint 1991: Flint & Rankin 1991; Flint 1992),
Given the Middles Late Pleiswocene age of the overlying
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calearenite. o later rather than an earlier Tertiary age

seems appropriate for the Pont Drmmond exposure,

and on baliunce a Plio-Plewstocene attiibution s in

keeping with the available evidence,
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